Introduction
The rapid development of open source software (e.g., Linux) is a significant phenomenon in the software industry. Open source software (OSS) allows software developers to share its software source codes, identify and correct errors, and redistribute its software source codes (O'Reilly's, 1999; Coar, 2006) . Open source software has become a threat to proprietary software in many segments of the software market. In server operating system market, Linux, as an open source operating system, holds more than a 30% share, and Microsoft's Windows holds approximately a 50% share. In web server market, more than 60% of websites use
Apache (an open source software), but only about 30% employ Microsoft's Internet Information (Lin, 2008) . This attracts the interest of scholars. Raghunathan, Prasad, Mishra and Chang (2005) , Economides and Katsamakas (2006) , Choudhary and Zhou (2007) , Sen (2007) , Jaisingh, See-To and Tam (2008) , Lee and Mendelson (2008) , Lanzi (2009 ), Xing (2010a , Chen, Liu and Tang (2011) , Zhu and Zhou (2012) , Zeroukhi and Pénard (2014) and Gramstad (2014) Open source software can be made a fundamental distinction between community and commercial open source (Riehle, 2012) . The former is owned by a not-for-profit community, whose members generally do not derive direct revenues from this software. In contrast, the latter is owned by a software vendor, whose purpose is to get revenues from this software. In recent years, more and more firms build commercial products on the basis of open source software. The total amount of work invested in open source projects is growing exponentially (Deshpande and Riehle, 2008) . According to Kumar, Gordon and Srinivasan (2011) , commercial open source software is privately developed software product based on the publicly available source codes. shows how firms using these models can access to market faster with a better product at lower operating costs than possible for traditional competitors; Popp (2012) The rest of the paper is organized as follows. Section 2 presents the basic model. Section 3 analyzes the case that commercial open source software appears in the market. Section 4 compares the optimal solutions. The final section concludes this paper.
The basic setup
There are two types of software in a market: community open source software and proprietary software. Community open source software is from the not-for-profit community and proprietary software is from the commercial software producer. The quality of a software product depends on the level of usability (includes the ease of installation, documentation, user interface and the level of technical support) and functional quality (includes feature set, security, reliability, etc) (Choudhary & Zhou, 2007; Kumar et al., 2011) 
In (1) and (2) The resulting profit function of proprietary software producer is:
The social welfare is defined as the sum of the software producer's profit and consumer surplus. The consumer surplus function can be stated as: (8) Thus, the welfare function corresponds to:
The proprietary software producer pursues profit maximization. The first-order condition of its profit function (7) yields the equilibrium price of proprietary software: (29) Solving (28) and (29) producer.
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